The price of fish depends on quality attributes such as size and freshness. In turn, quality attributes are related to fishery management. This article presents a hedonic analysis where attribute prices of size and quality ratings are estimated for the Swedish Baltic cod fishery. Using information from 5,307 landing days, hedonic inverse demand functions are estimated with a random coefficient (RC) model. Results show that there are price premiums for larger sizes of cod and for cod with the highest quality rating. Results also show that ownquantity and cross-quantity effects are small and negative for most attributes. Thus, there is an indication that the management of a fish stock that changes the quantity of attributes will also change the prices of attributes, although the price effect is small in the case of Swedish Baltic cod.
INTRODUCTION
Much focus in fishery economics has been on the total biomass of harvested fish stock without any consideration of the size or quality of the fish. In order to maximize the economic value of a fishery, it is not just the weight in tons that matters, since attributes such as size and freshness can change the value of the catch substantially. The prices of different sizes and qualities 1 are closely related to the management of fishery resources. Fisheries, such as the Baltic cod fishery, are often regulated by quota restrictions set in tons of fish, with fish size regulated by restrictions on mesh sizes and minimum legal landing sizes. As discussed below, a fish stock that is efficiently managed economically often has a larger amount of large-sized fish, as well as a high quantity of undamaged and fresh fish. The pricing of size attributes is especially interesting since price has been the focus of a large number of studies relating fishery management to the size (or age) structure of the biomass (Döring and Egelkraut 2008; Froese et al. 2008; Quaas et al. 2010; Diekert 2011; Ravn-Jonsen 2011; Cardinale and Hjelm 2012) . Numerous benefits of delaying harvesting until fish have reached a certain size have been pointed out. Firstly, the most obvious point is that larger fish increase the value of the total catch. Secondly, larger fish can also decrease uncertainties about the future stock, since the spawning success will be less likely to be dependent on a single age Cecilia Hammarlund is a PhD student, Lund University, Department of Economics, Box 7082, 220 07 Lund, Sweden (email: cecilia.hammarlund@nek.lu.se). The author thanks Kyrre Rickertsen and Dadi Kristofersson for valuable comments. Funding by the Swedish Research Council Formas (SoundFish project) is gratefully acknowledged.
1. Although it is possible to refer to size as a quality, herein, size is regarded as separate from quality, which is considered to be a quality aspect related to freshness and appearance of the product as set forth in EU regulation No 2406/96 of 26 November 1996. group (Döring and Egelkraut 2008) . Finally, societal values, like a good sea ecosystem status and higher values of recreational fisheries can be achieved in a fishery with larger fish (Cardinale and Hjelm 2012) .
Quality attributes not related to size may also be related to the status of the biomass stock but will also depend on how the fish are handled after they have been caught. The incentives for fishermen to produce high-quality fish are expected to increase in an economically efficient fishery, and fishermen will, therefore, deliver a larger amount of fresh, undamaged fish (Squires, Kirkley, and Tisdell 1995; Larkin and Sylvia 1999; Grafton, Squires, and Fox 2000; Carroll, Anderson, and Martinez-Garmendía 2001) . The price paid by fish processors to fishers is likely to depend on these quality aspects. Fish that have been handled more carefully and have not been stored too long are expected to receive a higher price on the market. Hence, the pricing of quality attributes, other than size, is interesting from a fishery management perspective.
Since Rosen (1974) , the estimation of supply and demand of attributes has been discussed in the literature (Brown and Rosen 1982; Bartik 1987; Epple 1987; Ekeland, Heckman, and Nesheim 2004) , and a number of studies have empirically estimated the demand and supply of attributes (Palmquist 1984; Bowman and Ethridge 1992; Stewart and Jones 1998; Wang 2003; Kristofersson and Rickertsen 2004, 2007) . This study contributes to the literature on hedonic prices and inverse demand by using the Brown and Rosen (BR) model with random coefficients as presented in Kristofersson and Rickertsen (2004) .
Using a unique and detailed dataset, the study takes a closer look at prices related to the size and quality ratings of cod in the Swedish Baltic Cod fishery. Lately, the size and quality composition of Swedish Baltic cod have become an important issue, as the problems of a diminishing fish stock, especially for Eastern Baltic cod, have become less severe (Romare 2011; Cardinale and Hjelm 2012; Eero, Köster, and Vinther 2012) . Despite recovery in the stock biomass, the size of harvested cod is still small (Cardinale and Hjelm 2012) . Fishermen, as well as society, could benefit from larger, higher-quality cod. The price premiums of different attributes, five size classes, and two quality ratings are investigated using the hedonic method. In addition, the effects of increasing the quantities of cod with different attributes are analyzed in an inverse demand system. Increasing the quantities of attributes is expected to result in decreasing attribute prices. If these price increases are not considered, the benefits of sustainable management might be overestimated. The ambition of this study is to give guidance on the economic value of different size and quality compositions of cod landings.
The article proceeds with a short description of the Swedish Baltic cod fishery and the regulations surrounding it. This is followed by a description of the estimation of the hedonic model and the inverse demand model in the literature and herein. Next, the database of the Swedish cod fishery and some statistics based on it are presented, as are the results from the hedonic inverse demand model. A discussion on how the results relate to fishery management issues brings the paper to a close.
THE SWEDISH BALTIC COD FISHERY
The Baltic Cod Fishery is one of the most important fisheries in Sweden. In 2011 around 17% of the value of all fish and seafood landings in Sweden consisted of cod, mostly landed along the south coast of Sweden (Swedish Agency of Marine and Water Management 2012). The fishing areas include the Western Baltic (the Belt Sea, the Sound, and the Arcona basin) and the Eastern Baltic (including the Bornholm basin, the Gdansk basin, the Gotland basin, the Bothnian Sea, the Bothnian Bay, and the Gulf of Finland). In 2011, nine countries were fishing for cod in these two areas in the Baltic. Poland, Denmark, and Sweden were the major fishing nations fishing for cod in the Eastern Baltic, while Denmark, Germany, and Sweden fished in the Western Baltic. In total, 50,368 tons of cod were landed from the Eastern Baltic in 2011, of which 20% was landed by Swedish vessels, and 16,332 tons of cod from the Western Baltic stock were landed, of which Swedish vessels landed 16% (ICES 2012) .
The Swedish cod fishery is regulated by EU legislation and national legislation that, in some cases, goes further than the EU regulations. The regulations consist of setting quotas, limiting the number of days out of port, fishing bans, and closed areas. A multiannual plan for cod stocks in the Baltic Sea was established in 2007, the motivation being a decline in the stock to levels of reduced reproductive capacity and unsustainable harvesting (European Commission 2007) . The purpose was to gradually reduce and maintain fishing mortality rates at levels no lower than 0.6 on ages 3 to 6 years for the Western Baltic cod stock and 0.3 on ages 4 to 7 for the Eastern Baltic cod stock. This regulation also stipulated prohibited periods and closed areas for the two Baltic cod stocks. Fishing with most types of fishing gear is prohibited from the April 1st until the April 30th in the Western Baltic Sea (the April closure) and from July 1st until August 31st in the Eastern Baltic Sea (the summer closure). Most types of fishing activities in the Gdansk deep, the Bornholm deep, and the Gotland deep are prohibited from May 1st to October 31st (European Commission 2007) . The number of days at sea is regulated from year to year under different EU regulations. For example, in 2011 vessels were limited to 163 days absence from port in the Western Baltic Sea and 160 days absence from port in the Eastern Baltic Sea (European Commission 2010). In addition, regulations require fishers to have licenses and vessel permits, and stipulate the allocation rules for fishing quotas. Special rules also apply to cod fishing, which requires a special permit in the Baltic Sea, and the number of ports with the right to receive more than 750 kilos of cod has been limited to 29 since 2005 (Swedish Board of Fisheries 2004; European Commission 2007) .
Regulations related to cod size are mainly requirements on mesh sizes and minimum legal landing sizes found in Council regulation no 2187/2005, which also determines the technical measures for the conservation of fishery resources in the Baltic Sea. The regulations on mesh sizes for vessels using active gear are part of the detailed requirements for Bacoma and T90 trawls; the mesh size is set at 105 mm on the Bacoma trawl, except for the exit window, which should have a minimum mesh opening of 110 cm. For the T90 trawl, the mesh size should be at least 110 mm. For vessels using passive gear, mesh sizes should be larger than 157 cm when vessels target cod only and between 110 and 157 cm when more than 90% of the target species consists of cod (European Commission 2005) . Regarding minimum landing sizes, the EU regulation on technical measures, issued in 2005, establishes that the minimum length of cod taken from the Baltic Sea is 38 cm (European Commission 2005) .
The attributes of cod taken from the Baltic are the result of biological conditions as well as management decisions. The regulations discussed above influence the size and quality composition of landings; these are discussed in the following sections. In the next section, a suitable model for estimating attribute prices is discussed.
THE HEDONIC MODEL AND INVERSE DEMAND
The analysis of attribute prices in a competitive setting was formalized by Rosen (1974) in the hedonic model. The general form of this model is written as:
(1) where p is the price of a product and z is a vector of different attributes of that product. Hedonic price analysis is often used to explore revealed preferences of quality attributes where no market prices exist. In relation to fish markets, McConnell and Strand (2000) use a hedonic function of different fish species to investigate the qualities of Hawaiian tuna sold at fish auctions. Hedonic prices have also been estimated with a hedonic pricing model by Roheim, Gardiner, and Asche (2007) to determine the relative value of the attributes of frozen, processed seafood in the UK. The effects of different fishing methods on prices have been investigated by Asche and Guillen (2012) , who compare the prices of hake caught by longline, trawl, and gillnets in the Spanish wholesale market. The results show that fish caught by longline receive a higher price than fish caught by trawl or gillnets. However, hake caught by gillnets have smaller price premiums than hake caught by trawlers, which suggests that trawling does not reduce quality as much as gillnetting. The value of line-caught haddock and cod in British supermarkets is investigated by Sogn-Grundvåg, Larsen, and Young (2013) , and the results suggest that consumers pay more for line-caught fish compared to fish caught by other methods. This study also finds a price premium for fish labeled by the Marine Stewardship Council (MSC).
2 A recent study by Lee (2014) discusses hedonic pricing of Atlantic cod and finds price premiums for large and fresh cod. All of the above studies focus on the hedonic price function, without considering how changing quantities of attributes affect hedonic prices. Rosen (1974) pointed out that this type of hedonic price function can only reveal something about attribute prices at prevailing quantities, since prices normally are determined by demand as well as the supply of attributes. Hence, in order to identify the demand and supply of attributes, a system of demand and supply equations should be estimated (Rosen 1974 ). However, it is possible that in markets like housing markets (Palmquist 1984) and natural resources (Wang 2003) , or fresh produce like fish (Barten and Bettendorf 1989; Kristofersson and Rickertsen 2004, 2007) , the supply of attributes can be assumed to be exogenous. In this case, the estimation of an inverse attribute demand equation for an attribute is possible:
where β t are observations of marginal prices of the attribute; q is a vector of variables explaining demand, including quantities supplied of different attributes; and u t are unobserved factors influencing the marginal price of the attribute. In order to estimate an inverse demand equation, it is necessary for attribute prices to vary. One way to find variation is to use a non-linear hedonic model where hedonic prices differ among buyers who prefer different quantities of these attributes. A functional form of the hedonic model must be assumed, then the attribute prices for different buyers are used in a second step demand model (Ekeland, Heckman, and Nesheim 2004) . Another way to find price variations is to use information from multiple markets assuming that consumers in each market share a common preference structure. This method was first suggested by Brown and Rosen 2. The Marine Stewardship Council is a non-profit organization with a certification program that recognizes and rewards sustainable fishing.
(1982) and has been used by Palmquist (1984) ; Bartik (1987) ; Zabel and Kiel (2000) ; Kristofersson and Rickertsen (2004, 2007) .
For fish markets, Kristofersson and Rickertsen (2004) use the BR model to estimate hedonic inverse input demand for Icelandic cod. In the first stage, 881 trading days in the Icelandic fish auctions are used to estimate hedonic prices for different sizes of cod, non-gutted cod, and storage time. In the second stage, input demands for these attributes are estimated. The results show that price changes are small in response to increased quantities of size attributes. The price changes are larger when the quantities of the attributes non-gutted and storage increase. The study also shows that the attribute prices of larger sizes have increased more over time than those of smaller sizes.
Another problem that has caused much debate concerning the hedonic demand function is that unobserved demander characteristics can affect the choice of product attributes (Bartik 1987; Epple 1987) . In a fish market context, this translates into processor characteristics affecting the choices of quantities of fish with different attributes. For example, it might be that processors with fillet machines have a demand for fish of a certain size that fit in the machine, or there could be buyers of fish who sell to luxury restaurants that demand higher quality fish.
One way to find variation of prices and solve the problem of unobserved demander characteristics is to use daily observations of the hedonic price function under the assumption that this function varies from day-to-day, but that unobserved characteristics of the processors do not. This allows the estimation of hedonic price functions that are unaffected by processor characteristics.
ESTIMATION
In this study, fishers are assumed to be price takers in the short run. The assumption seems especially motivated for daily supplies. After fishers have landed the catch, the fish attributes cannot be changed. It is also assumed that unobserved processor characteristics do not vary from day-to-day. Thus, on a daily basis, the prices of fish attributes are determined by the demands of fish processors. Furthermore, the demand for cod from processors is assumed to be separate from demand for other types of fish. The assumption can be motivated since results from previous studies have shown that the market for whitefish is separated from other fish markets and that cod is a price leader on the whitefish market (Asche, Gordon, and Hannesson 2004; Nielsen 2005; Nielsen, Smit, and Guillen 2008) . The details of the theoretical framework underlying the model used in this study is described in Kristofersson and Rickertsen (2004) and Kolstad and Turnovsky (1998) .
The estimation follows the approach of Kristofersson and Rickertsen (2004) , where the hedonic inverse demand equation is estimated using a random coefficient model. The motivation for using this model is that there is a need to take the importance of each landing day into account. For comparison, as in Kristofersson and Rickertsen (2004) , the Brown and Rosen (1982) model, which relies on an underlying assumption that estimates from each landing day have the same level of accuracy, is used. The BR model is estimated in two steps whereas the random coefficient (RC) model is estimated in one step.
Starting with the BR model, the hedonic equation is estimated for each trading day in a first step. Then the inverse demand equations of the attributes are estimated in the second step using the estimated hedonic prices from the first step. That is, for each landing day, t, we have:
where real prices 3 on each trading day (t) are regressed on the attributes z. The first-stage equation gives the attribute prices on each trading day. The second-stage inverse demand functions for each attribute are then estimated as:
where the coefficients from the first-stage models are used as dependent variables, δ are price effects in Swedish krona (SEKs) of increasing the quantity of fish with different attributes, and q t is a vector of variables explaining demand on trading day, t, divided by monthly imports. Monthly imports 4 are used as a numeraire in order to impose homogeneity, and t is a time trend. The second stage coefficients, δ, are interpreted as own-quantity and crossquantity effects. The own-quantity effects show how much a certain attribute price is affected by a change in the quantity supplied of that attribute, whereas cross-quantity effects show the effects of changing quantities of other attributes on the price of a certain attribute. Symmetry is imposed a priori on the system, which reduces the number of cross-quantity effects to be estimated. Imposing homogeneity and symmetry is motivated by the theoretical model (Kristofersson and Rickertsen 2004), which assumes that rational producers are not affected by units of measurement and that choices of inputs are consistent. This approach is followed in several other studies of seafood demand: Barten and Bettendorf (1989) ; Eales, Durham, and Wessells (1997) ; Park, Thurman, and Easley (2004); and Xie, Kinnucan, and Myrland (2008) . Furthermore, following Kristofersson and Rickertsen (2004) quantity effects are normalized to mean to facilitate interpretation; the coefficients can then be interpreted as the price reduction in SEK if the quantity of an attribute increases by 100%. Finally, the trend variables are adjusted so that the coefficients accompanying them can be interpreted as yearly effects.
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Using the BR two-stage method, the two steps are estimated separately. As mentioned above, the problem with this model is that it gives equal weight to the estimates from each trading day. Hence, the main focus in this study is on the RC model; i.e., the two steps are estimated simultaneously by inserting the second equation into the first (as in Kristofersson and Rickertsen (2004) ):
The first part of the equation, z′ nt γ + z′ nt δ′q t + z′ nt θ′t, is the fixed part, and the second part, that is, z′ nt u t + ε nt , is random. The estimation will contain main effects, z′ nt γ, as well as cross-level interaction effects; i.e., z′ nt q t . The coefficients of the interaction terms involving q t will be the quantity effects of the model. Assuming that the time effects are attribute-specific results in them being specified as interactions in the model. The same restrictions regarding homogeneity and symmetry as in the BR model is used, as is the normalization of the q-variables. Additionally, variance and covariances of the u t :s are distinctly modeled, which results in a variance-covariance matrix with 21 unique parameters in the preferred model. 6 More specifically, the RC model assumes that each landing day has different slope coefficients, and that the variation of these coefficients can be explained by the q-variables (and a time trend). This means that the relationship between the kilo price of cod and the attributes of cod depend on the quantities of different attributes that are traded. The quantity variables thus act as moderator variables for the relationship between price and attributes, where the relationship varies according to the value of the moderator variables (i.e., the quantities variable for a certain day). The coefficients, γ, δ, and θ are fixed coefficients since they apply to all landing days. All between-days variation that is left in the β-coefficients, after predicting using these coefficients, is residual error variation indicated by u t .
DATA
Data on values and quantities of cod landings by Swedish vessels in the Swedish Baltic ports for the period 1997-2011 is available from the Swedish Agency for Marine and Water Management. The data is collected from sales notes sent from fish receivers to the Swedish Agency for Marine and Water Management. All primary receivers of fish are required to register and report to the Agency, and the database thus includes all cod that is reported as sold in Swedish Baltic ports (European Commission 2009).
Fish from a specific vessel is split into different observations depending on the size and quality of the fish. For each observation the following is reported: the amount landed, the price paid, the size class of the observation (E, A, or B), the quality class of the observation (1-5), the port where the fish was registered, and the date when the fish arrived at port. Price per unit of cod can thus be calculated for each observation. There is a total of 731,540 observations in the database used in this study. Some summary statistics, together with data on Swedish quotas, are presented in table 1.
Over the time period the number of observations has decreased substantially. The total number of observations in 2011 was only 36% of the total number of observations in 1997. This decrease is accompanied by a decrease in the number of vessels and the quantity of cod landed, which, in turn, is related to the decrease in quotas for the Swedish cod fishery. For example, the national quota for Sweden, which was 38,860 tons in 1997, decreased to 12,011 tons in 2011 (European Commission 1996a . In 2011 the number of vessels landing cod was less than half (38%) of the number of vessels in 1997. A further look at the data reveals that this decrease is due to a decrease in the number of vessels using passive gear. The share of the total quantity landed by vessels using active gear was around 60% in 1997, which had increased to more than 80% by the end of the time period (own calculations). Prices are related to size and quality and, therefore, a change in the composition of landings could hide the effect that different characteristics have on average prices. Size classes and quality ratings are regulated by the European Commission in a regulation that determines common marketing standards for certain fishery products (European Commission 1996b). There are five size classes for cod: 0.3-1 kilo, 1 to 2 kilos, 2 to 4 kilos, 4 to 7 kilos, and more than 7 kilos. The quality classes are determined on the basis of freshness and are the same for all whitefish. To be classified in category E, the fish must be free of pressure marks, injuries, blemishes, and bad discoloration. For category A, the fish must be free of blemishes and bad discoloration; a very small proportion with slight pressure marks and superficial injures can be tolerated. Finally, for category B, blemishes and bad discolorations are not tolerated, but a small proportion with more serious pressure marks and superficial injuries is accepted. Further definitions of the categories are specified in the regulation, where special ratings are based on the skin, skin mucus, eyes, gills, peritoneum (in gutted fish), and smell of gills, abdominal cavity, and flesh. For ease of presentation the quality classes are referred to as Class A, B, and E in the following. Figure 1 presents shares of cod with different attributes in total landings. The two largest size classes (>4 kilos) have been added together since they represent small shares of the total quantity landed. Only around 1-3% of cod weigh more than 4 kilos. Between 5 and 10% of the cod landings weigh between 2 and 4 kilos, whereas most of the cod landed are smaller than 2 kilos, since more than 90% are classified into one of the smaller size classes. The most notable change during the time period is the increase of landings of very small fish. Cod weighing between 1-2 kilos become more unusual, and cod weighing 0.3-1 kilos constitute almost 60% of landings by the end of the time period.
The quality ratings outlined in the EU regulation result in most fish being classified as of average quality; i.e., Class A. A varying amount of fish is classified as Class E; that is, the finest quality available in the EU classification. Over the years, this share ranges between 5 and 25%. A very small share of the fish is classified as Class B; i.e., below average quality. The trend is towards more fish being classified as Class A. In summary, the data show that cod landed in Baltic Swedish ports have decreased in quality as well as size. Looking at the prices of cod of different sizes, it is apparent that larger sizes receive higher prices. However, it appears that the smallest size category (Very Small) receives substantially lower prices than the other size categories. Another interesting observation is that the prices of different categories of cod appear to be more similar in the beginning of the time period and diverge more towards the end of the time period. This is an indication that different attributes of cod have become more important over time.
The inverse demand model uses information on daily attribute prices and landed quantities to estimate the effect of quantity changes on attribute prices. Hence, it is important that prices vary from day to day. An example of the price variations is shown in figure 3 where prices (in SEK per kilo) vary considerably between days in 2011. The diagram shows that prices, as before, are lower for very small cod (0.3 to 1 kilo). The price difference between the other sizes is more difficult to observe in the diagram, although it is clear that smaller cod (1-2 kilos) vary less in price than cod in the two largest size categories.
The diagram also reveals seasonal patterns; the price is higher in late summer and lower in the beginning of the year. Running a regression of monthly dummies in a simple hedonic model shows that a similar pattern occurs during the entire time period. This regression also shows that the price is highest in October and lowest in May.
8 Table 2 summarizes the variables used in the regressions. In the first stage of the BR model, p nt is regressed on six dummy variables (z-variables). In the second stage, the estimated mar- ginal prices of the first stage are used to estimate the inverse demand functions using the quantity variables defined in table 2. Imports of fresh and chilled cod 9 to Sweden are used as a numeraire. In the RC model all variables are estimated in one step.
RESULTS
Hedonic real prices are presented in table 3, which shows the results of an ordinary least squares (OLS) regression using all observations, the average of the coefficients from the first stage of the BR model and the average coefficients of the dummy variables of attributes (z′ nt γ) in the RC model. 10 Since the model is run without a constant and all the size variables are included, the coefficients of the size variables show the average prices of cod of each size in quality Class A. The coefficients of the quality attributes (Classes E and B) show the price premia of supplying a product of better or worse quality. All models show the same pattern and have similar coefficients. Since the number of observations is much larger in the beginning of the time period, the price differences in the OLS model reflect the situation in the beginning of the time period to a larger extent than the other models (compare figure 2 ). The BR model shows the average of the coefficients from 5,307 landing-day regressions and hence accords each landing day equal importance. Since price differences increase over the time period (figure 2), the higher prices of Medium and Large cod as compared to OLS are not surprising. Finally, the RC model, which includes all the interaction terms (except the trend interactions) and random error terms in equation 5 (not presented in table 3), show slightly larger average prices over the time period.
Although the three models show a similar pattern, the RC model is preferred, mainly because it takes differences in landing days into account. A log-ratio test comparing the RC model to a model without the interaction terms, and the variance-covariance components (i.e., a model corresponding to the OLS model) confirms that the unconstrained RC model is preferred. Furthermore, by adding the second-level explanatory variables, the remaining error variance decreases from 7.85 to 1.44, indicating that the second level is important in explaining price differences. Since the BR model is run in two steps, it is not nested in the other models and comparisons are somewhat more difficult. However, the coefficients on the quantity variables are less significant than in the RC model, which also suggests that the RC model is preferred.
Using the results from the RC model, the real price difference between Very Small cod and Small cod is 2.79 SEK. The difference between the real prices of other size classes is smaller; the difference between Small and Medium cod is only 0.33 SEK, on average, over the time period using the RC model results. Large cod has a somewhat higher price premium; the price of Large cod is 1.12 SEK higher than the price of Medium cod according to the RC model. Interestingly, the results on the size variables are similar to the findings of Lee (2014) who also finds that the size premium is non-monotone; i.e., price differences are larger for smaller sizes of cod. The effect of increased quality on price; i.e., the change from Class A to Class E, increases the price of cod by 1.36 SEK using the RC model. Class B cod, on the other hand, generates significantly lower prices than Class A or Class E cod in all models. This suggests that Class B cod is of significantly lower quality than Class A.
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The results of inverse demand from the RC model; i.e., the coefficients of the interaction variables in equation 5, above, are presented in table 4. 12 As with the hedonic prices, the size coefficients have to be interpreted as changes in prices of Class A cod. The reason for choosing this category is that it is the most common (80 to 90% of the landings). The coefficients are interpreted as the effect on price of a 100% increase in quantities of different attributes as compared to the mean quantities (table 2) . To facilitate comparison with other studies, flexibilities are presented in the Appendix (A1). Most coefficients are significant and have the expected sign. 13 The own-quantity effects are expected; increasing the amount of Large, Medium, Small, Very Small, and Class E cod 11. Testing the coefficients on the z′ nt -variables of the size attributes show that these coefficients are significantly different from each other in the RC model. 12. Estimated using the xtmixed command in STATA. 13. The regression was also run using robust standard errors; however, this did not change the significance of the coefficients in any significant way.
gives lower prices of these attributes. The effect on the price premia of increasing the amount of cod in Class B is not significant. Class B cod has a substantially lower price than other types of cod and the landed quantity is small (figures 1 and 2). The own-quantity effect is largest for the Very Small cod (0.3-1 kilo); when the quantity of Very Small cod doubles, the price decreases by 0.29 SEK. The own-quantity effects of the other size attributes are very similar, and the results indicate that price decreases by 0.17-0.18 SEK, on average, when quantities increase by 100%. This suggests that increasing the weight of cod to more than 2 kilos would not affect prices substantially. However, the relatively small price premia on larger sizes of cod might discourage fishers from aiming for cod larger than 2 kilos. One possibility is that this is a shortterm effect due to processors being restrained by current technology. If the supply of largersized cod were to increase substantially, technology could also change and prices would increase for larger sizes of cod. An increase in the amount of Class E cod in the market does not affect price as much as increases in size attributes, indicating that demand for Class E cod is relatively insensitive to quantity changes.
Cross-quantity effects are negative between the size attributes, indicating that different sizes are substitutes. Cross-quantity effects are significant in all cases except between Very Small and Medium cod. There is also some indication that when cod are closer in size, the effect of quantity changes on price is larger. For example, if the quantity of Medium and Small cod increases by the same amount, the price of Large cod will be affected more by the increase in Medium cod. The price of Medium cod also seems to be more affected by quantity changes in Large and Small cod than by quantity changes of Very Small cod. In fact, Very Small cod does not seem to be affected much by quantity changes in substitute attributes.
The cross-quantity effects of Class E and Class B cod are positive in most cases although insignificant for Class E cod. Increasing the amount of Class E cod does not seem to affect the prices of other attributes except for the price of Class E cod itself. However, increasing amounts of Class B cod increase the price of all the size attributes, indicating that larger amounts of lowquality cod increase the value of average quality cod.
The coefficients for the trend variables shows that, over time, Class B cod and Very Small cod are less preferred, while Class E cod and Large cod are more preferred. On average, the price of Class E cod increases by 0.14 SEK per year, and the price of Large cod increases by 0.19 SEK per year. Also, the price of Medium-sized cod is increasing, although a bit less, over time. The pattern is similar to that of Kristofersson and Rickertsen (2004) , who find a trend in demand away from bad and towards better-quality cod over time. Thus, there is an indication that markets give an increased value to larger, higher-quality cod over time.
The variance and covariance components of the RC model are shown in the Appendix (table A2) . All variance components are significant and all covariance components, except one, are significant. The estimates show that attribute price variability is greater the larger the cod and also greater for cod in quality Class B. The variability of the size attributes confirms the pattern in figure 3 . The results from the second stage of the BR model are also shown in the appendix (table A3) . These results are similar to those presented above: own-quantity effects are negative, cross-quantity effects are smaller and give an indication of whether attributes are substitutes or complements. As in the RC model, time trends indicate that larger, betterquality cod is valued more over time. However, the coefficients are smaller in magnitude and the number of coefficients significant at the 0.1 percent level is smaller. As mentioned above, the results from the RC model seem to be more robust.
The theoretical model in Kristofersson and Rickertsen (2004) suggests that demand also depends on the production of the fish processors. Since it is not possible to get a reliable measure of cod production, this variable has been omitted from the regression above. However, a sensitivity check is run, where the quantity of monthly exports of cod products from Sweden are used as a proxy for production. When using the proxy, the results show that most hedonic price coefficients become slightly smaller, whereas the coefficients on the quantity variables become somewhat larger.
14 The marginal hedonic price of Class E fish becomes insignificant, while the own-quantity effect of Class B fish becomes significant. Also, four coefficients on cross-quantity effects that were insignificant in the original model now become significant. In general, the ranking of coefficients seems stable between the original and the new model. Although the model with the production proxy seems to result in more significant coefficients, it not entirely clear that exports are a good proxy for production. 15 The main conclusion from this exercise is that the coefficients might be somewhat downward biased in the original specification because of the omitted production variable.
DISCUSSION AND POLICY IMPLICATIONS
An interesting aspect of the Swedish Baltic cod fishery is that both fishermen and researchers are looking for methods to increase the size of Baltic cod. For example, the Swedish Association of Cod Producers is aiming at increasing the minimum size of landed cod to above 40 cm (STPO 2012). In addition, as mentioned above, increasing the size of Baltic cod has also been suggested as desirable by a number of biological studies. One of the most important expectations of increasing cod size is that it will generate higher revenues for fishermen. 16 Thus, the effects of quantity changes on attribute prices could be used to indicate how revenues change as the composition of landings change.
14. The results are available upon request. 15. Exports constitute around 20% of the production of fish processors. The correlation of yearly real returns and real exports from 1997-2010 is 0.23, so there is possibly some correlation between the proxy and the variable of interest, although it is rather weak. The composition of cod products in exports may also have changed over time, something that is not possible to account for.
16. Although it could theoretically be possible that costs per unit increase when catching larger fish, it is not a realistic assumption since the inputs of fishermen (boats, nets, fuel consumption) are likely to be the same for small and large fish. Cardinale and Hjelm (2012) estimate revenues from changing the size range of Eastern Baltic cod by introducing methods for size selectivity (i.e., regulating gear mesh size). The optimal scenario is to harvest cod that has reached a length of 70-77 cm and is 5-6 years of age. This cod would be of Medium size, weighing between 2 and 4 kilos, according to the definition used above.
17 Two different price scenarios are used in Cardinale and Hjelm (2012) , where prices are assumed to be either the same for all sizes or vary between sizes such that the largest cod is 65% more expensive than the smallest cod. These prices are based on Swedish cod prices in 2010. Initially size selective harvesting will result in a loss, since there are currently few large cod in the population. However, the authors conclude that revenues would increase in the long run and would be higher than under the current management plan within five years. Prices in the study are unrelated to other quality attributes or changes in quantities. Froese et al. (2008) investigate how size selective fishing in the Western Baltic can increase the biomass more than under the management regime proposed by the European Commission, which aims for the maximum sustainable yield. An age structure that is similar to an unfished stock could give the same yield as in the EU management regime. The optimal size of cod is then 80 cm, which would be equivalent to cod in the largest size category, Large, in the dataset used above.
Considering that only 10% of the cod catch consisted of cod that is larger than 2 kilos, on average, during 1997-2011 the optimal scenarios in the biological studies, above, are far from today's situation. One challenge when using the coefficients from the RC model is that it is difficult to extrapolate to compositions of landings that differ from those observed during the time period studied. However, by experimenting with the quantities caught of different size attributes we can move in the direction of the optimal scenario. An attempt to do so is presented below, but the results must be interpreted with caution.
To simplify, we assume that the total quantity does not change and that all cod is Class A. Then, assuming that cod weighing less than 1 kilo is no longer fished, perhaps because of a mesh size regulation, the revenues from Very Small cod will disappear. Initially, as discussed by Cardinale and Hjelm (2012) , total revenues will decrease. But eventually the Very Small cod that are left will grow. Assuming that all cod caught have grown into the next size category, the quantities of Large, Medium, and Small cod will increase and attribute prices will decrease. The effects of this experiment on revenue are shown in table 5, where the new revenue is also compared to the old revenue and the expected revenue without taking into consideration quantity effects.
Using the calculated attribute prices from the RC model for 2011 as the initial prices, the price changes from quantity changes of different attributes are calculated. The new attribute prices are lower for Large, Medium, and Small cod. In this case, the price of Large and Medium cod is affected more than the price of Small cod. This is because the percentage quantity changes are much larger for Medium and Large cod. However, despite lower prices, the last column to the right shows that average revenues per day increase in the new situation. This is due to the shift away from Very Small cod that have lower prices. The last column also shows that total revenue is lower when using the coefficients from the inverse demand model than if unadjusted prices are used, as in Cardinale and Hjelm (2012) . Using unadjusted prices results in an overestimation of approximately 47,000 SEK, or a 10% increase of the initial revenue.
Several studies (Quaas et al. 2010; Diekert 2011; Ravn-Jonsen 2011) conclude that TACs and tradable quotas, measured in terms of biomass, will fail to solve the problem of growth overfishing; i.e., the situation when fish are caught at an inefficiently low age and weight class. The solution would be to measure the TACs and tradable quotas in terms of number of fish.
18 An underlying assumption in studies on growth overfishing is that the revenues of fishers increase when larger-sized fish are landed. Here, we have shown that prices are higher for larger-sized cod than for the very smallest cod and that prices will not decrease substantially when the amount of larger cod increases on the market. Hence, there will be incentives for fishermen to aim for larger sizes of cod if quotas are set in numbers of fish rather than quantities. Furthermore, the time trend quantity changes in this study show that larger, higher-quality fish have become more valuable over time, suggesting that larger, higher-quality cod is part of the demand for the future. Despite the fact that increasing quantities of Swedish Baltic cod seem to have a downward effect on prices, these effects are small. This is not surprising; market integration studies have found that the European markets for fresh cod are integrated (Gordon and Hannesson 1996; Asche, Gordon, and Hannesson 2002; Nielsen 2005) . A large quantity change on the Swedish market is thus only a small quantity change in a European context and will have a small effect on the prices of cod. For example, Nielsen, Smit, and Guillen (2012) estimate the own-price flexibility of fresh cod at -1.26 on the European market, and according to the same study 570,000 tons of cod were landed, on average, in European ports from 1995-2005. Landings of cod in southern Sweden were only 12,500 tons per year (average from 1997-2005) , which corresponds to 0.02% of the total European landings. Using the Nielsen, Smit, and Guillen 18. The same effect could arise if mesh size were increased by regulation, but the cost of monitoring would perhaps be higher for society. (2012) price flexibility, an increase of Swedish landings by 0.01% is expected to result in a 0.0126% price reduction, on average. This can, for example, be compared to the price flexibility of 0.0118% for small cod estimated with the hedonic model above.
The fact that price changes are small will have implications for local management, since any local measures will have small effects on prices. This might be advantageous from a management point of view, since there will be no disincentives for better management by fishers from falling prices. A main point of this study is to check the differences of price effects between different attributes, since management can affect the supply of attributes (i.e., the composition of the fish stock). If an increased supply of large cod results in a greater price reduction than a corresponding supply of small fish, stock management might be less beneficial to fishers than expected. This does not seem to be the case for Swedish Baltic cod.
CONCLUSIONS
This study uses a RC model to estimate the attribute prices and inverse demand of Baltic cod landed in Swedish ports in the period 1997-2011. A detailed dataset makes it possible to use daily observations of cod landings of different size and quality rating classes. The results show that there is a price difference of 2.79 SEK between cod weighing 0.3-1 kilos and 1-2 kilos. Looking at larger sizes of cod, price premiums are increasing less per kilo added. The price difference between cod weighing 1-2 kilos and 2-4 kilo is only 0.33 SEK. The largest cod in this study, defined as weighing more than 4 kilos, are 1.12 SEK more expensive than the 2-4 kilo cod, on average.
Looking at the quality ratings, there is a clear indication that cod classified as Class B is of inferior quality. Prices are much lower than for the most common quality rating, Class A. However, the highest quality class, Class E, generates only somewhat higher prices (a price premium of 1.36 SEK in the RC model) than Class A cod.
The results of inverse demand show that own-quantity effects are negative for all attributes, and cross-quantity effects are negative between size attributes indicating that size attributes are substitutes. This means that when the quantity of cod with a certain attribute increases, attribute prices of that particular attribute decrease, as do prices of other size attributes. The largest own-quantity effect is for the smallest cod in the sample; when the quantity of small cod increases by 100%, the price decreases by 0.29 SEK. The own-quantity effects of the other size attributes range between 0.17 and 0.18 SEK. Over time, the results suggest that the prices of larger cod and cod with the highest quality rating are increasing.
The fact that price effects are small is not surprising considering that studies of market integration often find that cod is traded on an international market of whitefish. However, the management system chosen for a particular fishery will affect the size and quality composition of fish landed. A management system that increases the size and the quality of landed fish will, to some extent, face the law of demand; as the quantity of attributes increases, prices will decrease. This study has shown that the price effects of increasing quantities of attributes are moderate, but nevertheless too important to ignore. Thus, when the revenues of future management systems are modeled, the price effects of attributes should be considered.
APPENDIX
Flexibilities are calculated using the inverse demand model that is estimated with random coefficients. The results are presented in table A1.
The variance and covariance components of the RC model are shown in table A2. All variance components are significant, and all of the covariance components, except one, are significant. The estimates show that the attribute price variability is greater the larger the cod and greater for cod in quality Class B. The variability of the size attributes is confirmed in figure 3 .
The results from the second stage inverse demand functions of the BR model are presented in table A3. The price premiums of each attribute from the first-stage models are used as dependent variables in the regressions together with a time trend. The equations are estimated as a system, 19 which is reasonable since error terms might be correlated across the equations. For example, what influences prices of large fish on a certain day will also influence prices of small fish on that day. The system is also estimated with the same homogeneity and symmetry restrictions used in the RC model.
The results, when significant, are of the expected sign. Similar to the RC model, the ownquantity effects are negative for the prices of Large, Medium, Small, Very Small, and Class E fish and looking at the size prices, the largest effect of increasing the quantity is on the very smallest fish. Additionally, similar to the RC model, the own-quantity effect of Class E cod is smaller than the own-quantity effects of the size attributes.
